Introduction
A brain abscess is a severe intracranial infectious disease caused by the invasion of the parenchyma by purulent bacteria. The disease can occur at any age, particularly in young patients and men. The current treatment for a brain abscess is surgery, including excision of the abscess or puncture and drainage. We present a patient diagnosed with a functional brain abscess in the left top occipital lobe. Excision of the abscess in addition to neuronavigation and electrophysiological monitoring was performed at the end of March 2015 in our hospital. The patient recovered well after the operation. The diagnosis and treatment are reported.
Case report
A 20-year-old woman presented with repeated headaches over 2 months and a twitch once. She had a history of congenital ventricular septal defect and pulmonary arterial hypertension. She had visited the First Affiliated Hospital of Xinjiang Medical University before coming to our hospital, and the diagnosis was a brain abscess. Meropenem and vancomycin were used in combination to treat the infection, but the effect was not satisfactory. She then visited our hospital for further diagnosis and treatment. Her temperature was 38.3 °C and right upper extremity muscle strength was at level I, right lower extremity at level II, and right muscle tension was lower. Her left limbs were normal. Brain magnetic resonance imaging (MRI) revealed (Figure 1 ) a lesion on the top occipital lobe, MRI enhancement showed circular enhancement around the lesion and connected to the left lateral ventricle with no obvious edema around. We routinely used ceftriaxone 1 g QD for static anti-infective therapy before surgery. The patient was scheduled to undergo an excision of the brain abscess with the help of neuronavigation and nerve electrophysiology. Navigation was performed using the Fudan Digital Medical Excelim-04 Surgical Navigation System, and the electrophysiological measurements used in surgery were cortical-evoked potentials. Functional areas were labeled with somatosensory-evoked potentials. First, conventional craniotomy was performed. We then selected puncture points according to preoperative navigation and navigated again to confirm the lesion before excising the dura. Electrophysiological monitoring was performed after the dura mater was excised. Second, we selected a nonfunctional area to slowly access the abscess along the navigation trajectory we previously confirmed. Approximately 10 mL of yellow pus was removed and sent for culture and chemosensitivity tests. Intraoperatively, we stimulated the cortex directly as well as during navigational positioning. A nonfunctional area near the central fissure was selected. We then cut the cortex and removed the abscess along its edge. During resection of the lesion, we applied subcortical electrical stimulation to protect the function of the white matter fiber bundles underlying the cortex associated with motor function. The lesion was approximately 2.5 cm × 3.0 cm in size and was sent for pathological tests. Obvious edema of brain tissue was seen intraoperatively before we preformed decompressive craniectomy and sutured layer by layer. After surgery, we continued to apply ceftriaxone 1 g QD until the patient's body temperature and blood returned to normal. On the second day after surgery, a neurological examination revealed the right upper limb muscle strength was at level II, and lower limb muscle strength was at level III. Muscle strength improved before surgery. Specimen culture showed no pathogen growth. The patient's temperature gradually returned to normal. She could walk under the arm before being discharged. A brain MRI scan (Figure 2 ) was obtained after 3 months, which revealed the brain abscess had been completely removed. Follow-up tests showed her right upper extremity muscle strength was at level II and right lower extremity at level IV, as well as her Karnofsky performance score (KPS) was grade 70. Two years after surgery, postoperative MRI (Figure 3) showed the abscess had disappeared. Follow-up tests showed her right upper extremity muscle strength was at level III, right lower extremity at level V, right muscle tension was better, and the KPS was 80. Intraoperative navigation (Figure 4a ) and electrophysiological monitoring (Figure 4b ) are showed as below. Pathological examination (Figure 4c ) indicated chronic suppurative inflammation.
Discussion
As an important neurological emergency, a brain abscess occurs in approximately 1%-2% of inpatients [1] . Most brain abscess cases are secondary to other parts of the infection. Brouwer et al. [2] summarized the causes of brain abscesses. Those manifesting a brain abscess adjacent to an infection accounted for 50%, while 33% of cases were because of blood-borne infections, and cryptogenic infection accounted for 33%. At present, computed tomography and MRI are the most important imaging methods for diagnosing brain abscesses. A typical imaging performance is a circular, enhanced lesion with a smooth inner wall, surrounded by varying degrees of edema. Diffusion-weighted imaging can be advantageous for diagnosis of atypical imaging manifestations of brain abscess [3] [4] [5] [6] . Despite the fact that new equipment and technology are widely applied in neurosurgery, which reduces the fatality rate of brain abscess from 40% to 10% [7] , some severe neurological dysfunctions remain postoperatively. Therefore, it is crucial to improve the surgical approach to avoid intraoperative neurological deficits.
At present, resection, traditional puncture and drainage, stereotactic puncture and drainage, neuronavigation-guided puncture [5] , and ultrasoundguided aspiration [8] are the primary surgical treatments for brain abscesses. In this case, the abscess was filled, and the diameter was approximately 3.0 cm. Preoperative MRI indicated the lesion was located in the top occipital lobe, which was interlinked with the left ventricular occipital angle. Therefore, we believe that the lesion should be removed under neurological navigation and electrophysiological monitoring after we accounted for the patient's neurological deficits and preoperative imaging results. Only in such a manner can the patient's neurological function be saved while optimizing the excision rate.
In recent years, electrophysiological monitoring techniques have been widely used in neurosurgery. Various methods, such as intraoperative somatosensory and motor evoked potentials monitoring, intraoperative cortical and subcortical stimulation, awake anesthesia, and comprehensive neuronavigation [9] have been used. Currently, the first three are used clinically. The present discussion focuses on the first three electrophysiological monitoring techniques.
Somatosensory-evoked potential phase reversal (SSEP-PR) is one of the most common electrophysiological monitoring techniques. It is the potential that occurs in the central nervous system when sensory organs, sensory nerves, or sensory conduction pathways are stimulated. It reflects the combined functional state of specific somatosensory afferent pathways, brainstem reticular structures, and the cerebral cortex [10] . In Tomás' [10] research, the efficiency of using SSEP-PR to differentiate the central and posterior central gyrus was 94% in patients with cerebral cortex tumors. This study confirms that SSEP-PR can be used as a reliable and simple method to distinguish the central canal from intraoperative anatomy and help to reduce motor function damage. Motor-evoked potential (MEP) refers to the depolarization of pyramidal cell axons traveling along the corticospinal tract produced by the transcranial electrical stimulation of the cerebral cortex. It can be recorded on skeletal muscles or on multiple sites along the motor conduction pathway. MEP is widely used in brain surgery to understand the neurological function of motor conduction systems, to monitor the integrity of motor conduction pathways, to optimally remove lesions, and to protect motor function.
Direct electrical cortical stimulation (DECS) has a long history. Penfield et al. [11] first used intraoperative direct cortical electrical stimulation for epilepsy resection. The principle underlying DECS is to interfere with the normal cortical and subcortical conduction pathways using a specific stimulus intensity, leading to visible muscle movement or feeling. DECS cortical positioning can allow the surgical resection range to reach the boundaries of the functional area rather than the anatomical boundary such that surgery can safely resect infiltrating peritumoral tissues. However, DECS requires patients to maintain a clear state of mind and cooperate during the operation. Additional management of patients is also required. It may also result in severe intraoperative epilepsy events during the continuous monitoring of neurophysiological functions [12] . The waveform of CSEP is not affected by the degree of anesthesia, so CSEP is considered first.
With respect to patients' wishes, condition, and related auxiliary examinations, we think that surgery is an effective and safe strategy. Selecting a reasonable surgical approach to avoid neurological deficits in the case of a successful removal of lesions is particularly important. Auxiliary puncture and drainage under neural navigation is highly safe, causes low trauma, and results in a small risk of neurological deficits. Neuronavigation-assisted puncture and drainage is a better choice for patients with cardiopulmonary disease or those who cannot afford the risk of general anesthesia. However, it still cannot replace brain abscess resection because it may lead to recurrence [5] . Craniotomies have the advantage of lower recurrence rates, but are highly risky and introduce the possibility of neurological impairment. Therefore, we used neuronavigation combined with electrophysiological monitoring to assist in the resection of brain abscesses. This combination can both avoid serious neurological deficits and completely ablate the abscess, thereby avoiding postoperative recurrence. The postoperative body temperature gradually returned to normal, and muscle strength improved relative to preoperative measurements. We identified several advantages of neural navigation-assisted resection of brain abscesses. First, surgery can be developed to avoid important functional areas and to find the closest surgical approach to the lesion. Second, in the removal of small, deep, or unclear lesions, the surgeon is more likely to get lost or have difficulty exploring. Neuronavigation can help the surgeon quickly and accurately locate the lesion. Third, we can keep abreast of the degree of disease resection through intraoperative navigation. Neural navigation helps to determine the tumor boundaries during surgery and improve the resection rate. Therefore, neural navigation is an important auxiliary surgical method with unique superiority. However, imaging data for neural navigation were obtained preoperatively. Brain tissues may drift because of intraoperative lesion resection, cerebrospinal fluid loss, and other reasons which may affect the accuracy of navigation to some extent. Neural navigation is mainly used for the guidance and positioning of lesions, but is insufficient to protect nerve function. Electrophysiological monitoring is the standard for locating functional brain areas intraoperatively [13] , particualrly if the abscess is in a critical functional area. Neural electrophysiological monitoring techniques can guide the surgeon to identify the target nerve, important functional areas, and neural pathways, so that the surgeon can avoid these areas and decrease intraoperative damage and dysfunction. Intraoperative electrophysiological monitoring can locate and monitor the area affected by lesions or adjacent areas to avoid postoperative aphasia, hemiplegia, and sensory disturbances, and improve the long-term quality of life of patients. The use of electrophysiological techniques can not only help locate the cerebral cortex, but can also facilitate understanding whether the motor cortex and adjacent areas are affected, making it possible to remove the tumor while maximizing motor function.
Combined with the patient's postoperative followup results and MRI after 2 years, we believe that neuronavigation combined with nerve electrophysiology in the excision of the brain abscess, particualrly in functional areas, can complement lesion resection and protect neurological function. At the same time, the modified surgery can increase surgical safety as well as improve patient prognosis.
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